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This study expands the limited understanding of pinniped aerial auditory masking and includes
measurements at some of the relatively low frequencies predominant in many pinniped
vocalizations. Behavioral techniques were used to obtain aerial critical re@Rg within a
hemianechoic chamber for a northern elephant @dabunga angustirostrig a harbor sealPhoca
vitulina), and a California sea lioriZalophus californianus Simultaneous, octave-band noise
maskers centered at seven test frequen@e®—8.0 kHz were used to determine aerial CRs.
Narrower and variable bandwidth masking noise was also used in order to obtain direct critical
bandwidths(CBWSs). The aerial CRs are very similar in magnitude and in frequency-specific
differences (increasing gradually with test frequencyo underwater CRs for these subjects,
demonstrating that pinniped cochlear processes are similar both in air and water. While, like most
mammals, these pinniped subjects apparently lack specialization for enhanced detection of specific
frequencies over masking noise, they consistently detect signals across a wide range of frequencies
at relatively low signal-to-noise ratios. Direct CBWs are 3.2 to 14.2 times wider than estimated
based on aerial CRs. The combined masking data are significant in terms of assessing aerial
anthropogenic noise impacts, effective aerial communicative ranges, and amphibious aspects of
pinniped cochlear mechanics. @003 Acoustical Society of AmericdDOI: 10.1121/1.1587733

PACS numbers: 43.80.Lb, 43.80.N\WA ]

I. INTRODUCTION Therefore, this study focuses on the effects of airborne noise
on aerial hearing for a wide range of frequencies, including
A considerable amount is known about certain aspects dbw frequencies.
acoustic communication and auditory processing in pinni-  An observation from studies involving a variety of
peds[seals, sea lions, and walru$ésee Ketten and Watzok, mammals is that tonal signals are almost exclusively masked
1999. Basic research in pinniped bioacoustics is frequentlyby noise in a narrow band of similar frequenci®¥egel and
motivated by the importance of vocal signaling. Of addi-Lane, 1924; Fletcher, 1940; Scharf, 197&hich Fletcher
tional interest is the fact that most of these amphibious mat1940 refers to as the critical band and its bandwidth as the
rine mammals produce and detect both airborne and undegritical bandwidth(CBW). Based largely on the results of
water sounds in environments that favor the use of acoustiguditory masking studies, mammalian auditory systems are
communicative signaléKastak and Schusterman, 1998; Ty- typically viewed as segregating acoustic signals into their
ack, 1998; Schustermaet al, 2000. Potential interference constituent frequencies in a manner analogous to the opera-
with these processes by increasing anthropogenic noise lefion of overlapping bandpass filters. Auditory masking is
els in some marine environmer(mae Andrewet al., 2002 is quantified as the critical rati(IZR), which is the difference
providing impetus for expanding the limited knowledge of (in dB) between the masked hearing threshold and the mask-
the effects of noise on pinniped hearitRichardsonet al, ~ ing noise spectral power density levéFletcher, 1940;
1995; National Research Council, 2008ignificant interest  Scharf, 1970 A low CR at a particular frequency indicates
has focused on the harmful effects of underwater n@esg, relatively efficient extraction of signals from noise compared
noise-induced temporary and permanent threshold shiftsto @ higher CR and, theoretically, a relatively narrower criti-
Several recent studies have provided data bearing on the§8 CBW. According to Fletche1940, the power of a sig-
issues(Kastaket al, 1999; Schlundet al, 2000: Finneran nal at the masked hearing threshold is equal to the total noise

et al, 2002. However, we still lack critical data on the ef- POWer within the critical band. For a particular frequency the

. . . lo
fects of airborne sounds, including the potential for anthro-CBW may be estimated indirectly as 0%, a method re-

pogenic noise to mask the relatively Idw.2 kHz) frequen- ferred to as the critical ratio equal pow&R/EqP method

cies typically contained in many pinniped communicative(@S in Richardsoret al, 1993. However, studies using a
signals (Richardson et al, 1995: Southallet al, 2000. variety of techniques to directly measure auditory filter pa-

’ ' ’ rameters in human subjects have demonstrated that the CR/
EgP method may be of limited accuracy in estimating CBWs
dCurrent address: National Oceanic and Atmospheric Administration, Na-(Egan and Hake. 1950 Schafsral. 1950: Hamilton. 1957:
tional Marine Fisheries Service, Acoustics Program, Silver Spring, MD 2"~ ] N ! ! !
20910. Zwicker et al, 1957; Patterson, 1976
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masking because cochlear mechanics are similar among not- METHODS
specialized specig&chteleret al, 1994. There is generally 5 Subjects and testing enclosure

a linear relationship between the masking noise level and h ) fth il ) Ki .
effective masking, so that CRs at each frequency are inde- The subjects of the aerial auditory masking experiments

pendent of masker level in most conditioftdawkins and were an 8-year-old female northern elephant $Barnyce,

Stevens, 1950; Watson, 1963; Gourevitch, 1965; Johnsoa 13-year-old male harbor seBprouts, and a 16-year-old

_ - ) i ) Bemale California sea liofRio). All subjects had many years
1968; Ehret, 1976 Additionally, relative auditory filter ¢ oyherience in audiometric tasks prior to this staigstak

widths are an approximately constant percentage of centgy,q Schusterman, 1998; Kastakal, 1999: Schusterman,
frequency(constantQ) but absolute CBWs increase with fre- unpublished dafa None of the subjects had been adminis-
quency, resulting in a gradual increase in CRs with frequencyered aminogylcoside antibiotics and no permanent hearing
(~3 dB/octave. losses were known to have occurred. The elephant seal de-
While these trends are consistent among most mammalggloped a chronic otitis externa in one ear prior to relocation
and the relative differences in CR magnitudes are relativelyat Long Marine Laboratory. This condition, while intermit-
small (see Fay, 1988 certain taxa tend to have somewhat tently re_current, is not thought_ to significantly impact abso-
lower CRs on average. For instance, humans, nonhuman pllHte aerial or underwater hearifgee Kastak and Schuster-

mates, and most marine mammals generally have relativelgpan’ 1998,

lower CRs than many terrestrial vertebrates tes&mlithall The ammalslwer.e housed at Lor_lg Marine Laboratgry n
. . . Santa Cruz, California in seawater-filled pools and adjacent
et al, 2000. There are also species differences in the rela

i . . i . haul-out space. Subjects received 25%—75% of their daily
tionship between indirectly estimated and directly measuredjoiment of fish during one to three experimental sessions, 5

CBWs. In humans, indirect estimates are approximately 2.5 7 mornings per week between October 2001 and January
times smaller than directly measured CBWs, a difference002. The experiments were conducted under National Ma-
that is fairly consistent for many frequenciésee Scharf, rine Fisheries ServicNMFS) permit 259-1481-00 and were
1970. However, studies of nonhuman mammals indicate thagpproved by the University of California, Santa Cruz Chan-
this relationship is not found in all specié€Seaton and Tra- cellor’'s Animal Research Committee.

hiotis, 1975; Ehret, 1976; Au and Moore, 1990; Turnbulland A hemianechoic chambéEckel Industriesmounted on
Terhune, 1990:; Niemieet al, 1992. a semi-isolated cement foundation served as the testing en-
closure. The chamber consisted of a3233x2.2-m test
room and an adjacent 2x33.3-m experimental control room.
Jhe outside walls of the entire chamber were double-
aneled, 8-gauge stainless steel, providing 40-60-dB of

Aerial or underwater CRs for individuals from six of the
34 pinniped species have been obtained experimer{iEgy
hune and Ronald, 1971, 1975; Renouf, 1980; Moore an

Schu§terman, 1987 Turnbgll gnd Terhune, 1990; Terhun%oise attenuation. The inside walls and ceiling of the test
1991; Southalkt al, 2000. Pinniped CRs are generally low 45 \were lined with fiberglass-filled, aluminum-covered

when compared to most other mammals, indicating relativelyynechoic wedges that limited acoustic reflection within the
good hearing in noise. Aerial and underwater pinniped CRsesting room. The cement floor of the test room was covered
are often directly compared despite the fact that aerial andith several 2.6-cm-thick neoprene mats. The inside walls of
underwater absolute hearing generally differs. Such comparthe control room were lined with sound-absorptive foam
sons are based on the notion that CRs are related to cochlgaanels. Equipment cable ducts between the test and control
processes and that both signals and masking noise should Boms were lined with sound-absorptive foam.

similarly affected by outer- and middle-ear filtering effects A floor-mounted convex section of polyvinyl chloride
(Renouf, 1980; Turnbull and Terhune, 1990ndeed, this (PVCO) served as a chin station for experimental sessions. An

hypothesis has been confirmed by data for one individua:flcoustically sealed, sliding PVC feeding tube allowed fish

. : . reinforcement to be delivered to the subjects from the control
harbor seal, suggesting that there is no difference between . X . .

o . L ) room during sessions. Animal responses were observed via a
pinniped CRs obtained in air and in wat€Furnbull and

i ) closed-circuit video system. A square plastic response paddle
Terhune, 1990 Moreover, these investigators found that,,q |ocated 0.3 m in front of and to the left of the chin
critical bandwidths measured directly for the same individualsiation. The chin station was positioned in the same location

harbor seal were consistently narrower than predicted withor each individual, approximatell m in front of one of
the CR/EqP method, became narrower with increasing freseveral projecting speakers, to ensure consistent placement
quency, and were similar in air and water. of subjects within and between sessions.

The purpose of the present study was to provide in-air
CRs and direct CBW measurements for individuals fromB. Test stimuli and masking noise
three pinniped species: northem elephant gé&bunga an- Test stimuli were pure tones at seven frequencies be-
gustirostrig, harbor sealPhoca vituling, and California sea yeen 0.2 and 8.0 kHz with either 20- or 40-ms rise/fall
lion (Zalophus californianus Aerial CRs are compared with times and 500-ms overall duration. Two hardware and soft-
underwater values for the same individuals obtained in a preyare configurations were used to generate these signals. The
vious study(Southallet al, 2000. Indirect filter bandwidth initial system was identical to that previously used for under-
estimates are compared with direct CBWSs. water auditory masking experimentSouthallet al, 2000.
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For some of the test conditions, including the entire bandSouthallet al. (2000. The use of experienced test subjects
narrowing experiment, signals were generated using custommesulted in little additional training for the aerial masking
built software(LABVIEW) and a 6070E multifunction board experiments. Once subjects stationed appropriately, masking
mounted in a PXI-1010 chassiblational Instrumenys For  noise was engaged and a trial light placed near the projecting
both configurations, signals were projected using either apeaker was illuminated for the 6-s duration of each experi-
JBL 2245H(0.2 kH2 JBL 2123H(0.5, 0.8, and 1.2 kHzor  mental trial. Masking noise alone was presented on either
JBL 2123H/J(2.5, 4.0, and 8.0 kHzspeaker. 25% or 50% of the trial§catch trialg. Signals in addition to

Variable bandwidth masking noise was generated usingnasking noise were projected on the remaining trisignal
cooL EDIT software (Syntrillium). Identical 6-s noise inter- trials). Either a 75:25 or 50:50 signal-to-catch trial ratio was
vals were produced for each experimental trial using theused in to maintain appropriate subject response criteria. The
sound card of a personal compu¢sampling rate 22 050 Hz, order of signal and catch trials varied between sessions based
16-hit resolution, FFT size 5)12The sound card output was on computer-generated 60-trial pseudorandom sequences. A
fed through a Krohn-Hite 3550 bandpass filter, a Hewlettgo/no-go psychophysical response paradigm was used. Sub-
Packard stepwise attenuator, and into another input channgcts reported detecting a signal by leaving the chin station
of the power amplifier, which drove the projecting trans-and pressing the response paddle with their muzzle; they
ducer. Test signals and masking noise were projected fromeported not detecting a signal by withholding this response.
the same source to avoid reduced masking resulting frorfish reinforcement was delivered following correct re-
angular separation between signal and masker so(ifoes-  sponsegresponding on a signal trighit) or not responding
bull, 1994. Masking noise was presented only for the dura-on a catch trialcorrect rejectioj]. Subjects restationed with-
tion of each experimental trial was to prevent any confoundout reinforcement following incorrect responsgsot re-
ing effects resulting from loudness adaptatieee Southall sponding on a signal trialmis9 or responding on a catch
et al, 2000. trial (false alarmy].

At each frequency a single masking noise level was  Each session consisted of an 8—20-trial warm-up phase
used, based on subject's minimum audible field hearingn which signals were clearly audible, a 20—40-trial thresh-
threshold measured in the anechoic chami@mhusterman old phase, and a terminal 4—6-trial cool-down phase with
et al, unpublished dadalt was not possible to use the same clearly audible signals. The warm-up and cool-down phases
relative noise levels for every frequency, due to limitations ofwere used to assess subject motivation and to maintain
the equipment and the fact that absolute aerial thresholdstimulus control over behavioral responses.
often varied greatly between subjects. Masking noise at each Two psychophysical techniques were used in determin-
frequency and noise bandwidth had an average spectral deimg masked hearing thresholds. First, three to eight sessions
sity level [dB re: (20 uPa?%Hz] approximately 5-20-dB using the staircase metha@ornsweet, 1962were con-
above each subject’'s hearing threshold. Masking noise weaducted to obtain an initial estimate of the masked hearing
digitally filtered so that received masking noise spectral denthreshold at each frequency. Signal levels were initially at-
sity levels were relatively fla{==3 dB) across the entire tenuated by 4-dB following each hit and were then adjusted
masker band. in 2-dB steps in the threshold phaSecreased following a

Signal sound-pressure levelB re: 20 uPg and mask- miss, decreased following a hitwhich consisted of nine
ing noise spectral density levdldB re: (20 uPa%Hz] were  reversals between sequences of hits and misses. Subse-
calibrated before and after each session. An Etymotic ERC-guently, five to seven discrete signal levels separated by 2-dB
clinical probe microphone with an internal reference calibra-were selected, based on the staircase data, and randomly pre-
tion, a Tectronix TDS 420A digital oscilloscope, asdec-  sented during three to five method-of-constant-stimuli ses-
TRA PLUS software were used to analyze signal and noisesions(Stebbins, 1970 Masked hearing thresholds were de-
characteristics. In addition to calibrating signal and maskingermined by pooling results from all method-of-constant-
noise levels at a central position corresponding to the centestimuli sessions and calculating the 50%-correct detection
of the subject’s head during testing, signal and noise fieldgoint using probit analysisFinney, 1971 When a thresh-
were mapped at multiple nearby positidfas in Moore and  old’s 95%-confidence limits fell within 3-dB of the calcu-
Schusterman, 1987; Southatlal,, 2000. Mapping was con- lated masked hearing threshold, testing at a particular fre-
ducted at 27 positions within a ¥ 0X10-cm region around quency was ended.
the chin station by(1) measuring received signal and masker
levels; (2) analyzing the distribution of noise energy within 1. Aerial critical ratio procedure (octave-band noise)

masker bands; an(B) observing how these parameters var- Aerial masked hearing thresholds were determined in

ied within or between masker intervals. Signal and maskinqhe presence of octave band noi@BN) maskers centered
noise band average spectral density levels at each positioél test frequencies of 0.2, 0.5, 0.8, 1.2, 2.5, 4.0, and 8.0 kHz

were maintained \,N'th'n 3-dB qf the average .Ievels measureq,q sequence of testing was randomized with respect to test
at the central calibration position both within and betweenfrequency

. ) but the same order was used for each test subject.
multiple masker intervals.

Critical ratios were calculated as the differer{ae dB)
between the masked hearing threshold sound-pressure level
and the masking noise sound-pressure level at the center

The psychophysical procedures employed were similafrequency of the masking band, corresponding to the mea-
to those used by Kastak and Schusterm@®98 and sured masker spectral density leyeB re: (20 uPa?%/Hz]

C. Procedure
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TABLE |. Aerial auditory masking data obtained using octave-band n@ife7% of center frequengyor
individual subjects from three pinniped species tested in a hemianechoic chamber. Data were obtained using the
psychophysical method of constant stimuli.

Masker Masked False-
level threshold alarm Critical

Frequency (dB re: (dB re: 20 uPa rate ratio

Species (kHz) 20 uP&/Hz) & (std dey (%) (dB)

N. elephant seal 0.2 45.0 57(1.0 5.6 12
Harbor seal 0.2 41.0 533.1) 12.8 12
California sea lion 0.2
N. elephant seal 0.5 31.0 44(2.2) 59 13
Harbor seal 0.5 31.0 49@.8 21.0 18
California sea lion 0.5 38.0 58®.9 11.9 20
N. elephant seal 0.8 427 56(6.3 15.0 14
Harbor seal 0.8 33.8 490.9 13.3 16
California sea lion 0.8 45.4 62®.9 9.8 17
N. elephant seal 1.2 375 55@.9 18.2 18
Harbor seal 1.2 28.0 49@.9 11.8 22
California sea lion 1.2 33.0 522.1) 19.2 20
N. elephant seal 2.5 35.0 54(@.9 194 20
Harbor seal 2.5 20.0 404.0 17.6 20
California sea lion 25 27.0 45(@.9 8.3 19
N. elephant seal 4.0 40.0 62(0.9 18.8 22
Harbor seal 4.0 17.0 38®.9 17.8 22
California sea lion 4.0 35.0 60.(1.3 10.5 25
N. elephant seal 8.0 40.0 63(6.9 125 24
Harbor seal 8.0 25.0 46(0.3 6.3 22
California sea lion 8.0 25.0 51@.7) 11.5 26

(Fletcher, 1940; Scharf, 19¥.0The CRs obtained using oc- Ill. RESULTS
tave band masking noise were used to indirectly estimat® aqrial critical ratios

CBWs and additionally served as the initial broadband mea-

surement for direct CBW measuremefdescribed beloy For each of the three pinniped species tested, the aerial
masked hearing thresholds as well as the CRs obtained using

OBN for each test frequency are shown in Table I. Along
with these values, the percentage of false alarms pooled for
all method-of-constant-stimuli sessions is given for each ani-
mal. The aerial CRs for these three pinnipeds are quite simi-
lar to those determined by Southell al. (2000 at overlap-

Following the OBN masking experiments, two or three PINg frequencies under watéfig. 1). For each subject, CRs

additional method-of-constant-stimuli sessions were Congencle:rallyr:ncreashe gradlualrlly with fr;aquepcly.c . .
ducted for five relatively narrower masker bandwidths. This or the northern elephant seal, aeria S range from

procedure was conducted at the three highest frequencieﬁlg'dB at 0.2 KHz to 24-dB at 8.0 kHz and are not signifi-
(2.5, 4.0, and 8.0 kHzto minimize the potential for audible cantly different than underwater CRs at overlapping test fre-

. : . ._quencies. For the harbor seal, aerial CRs range from 12-dB at
interactions between tonal signals and narrow-band nois

o . .2 kHz to 22-dB at 4.0 kHz and are not significantly differ-
maskers(Bos and de Boer, 1966Critical ratios were calcu- _ent than underwater CRs at overlapping test frequencies. For

Yfe California sea lion, aerial CRs range from 17-dB at 0.8
with bandwidths of 3%, 6%, 12%, 18%, and 24% of eachy,, 1, 56.4p at 8.0 kl,—lz and are not Significantly different

test frequency. All sessions for each masker bandwidth Werg on underwater CRs at overlapping test frequencies.

conducted sequentially, but the testing order for each relative  r5ise-alarm rates reflect subject response bias. High
masker bandwidth was varied between frequencies. Criticghjse_alarm rates indicate a relatively liberal response crite-
bandwidths were estimated at each frequency based on CRgn and low false-alarm rates indicate a conservative re-
for different masker bandwidths. Specifically, CBWs as agponse criterion. We adjusted the relative percentage of sig-
percentage of center frequency were estimated as the intefz| and catch trials as necessary to ensure fairly consistent
section of the least-squares estimates functions for the fairljaise alarm rategbetween approximately 5%—20%cross
constant CRswithin 1-dB of CRs determined using OBMt  test frequenciegTable ). Subjects who adopted response
wide noise bandwidths and for the relatively lower CRscriteria that were either too libergl>25% false-alarm rates
(more than 1-dB below the OBN valuat narrower masker on more than three consecutive sessi@mgoo conservative
bandwidthgas in Seaton and Trahiotis, 1975; Au and Moore,(0% false-alarm rates on more than three consecutive ses-
1990; Niemiecet al,, 1992. siong generally responded rapidly and appropriately to re-

2. Direct aerial critical bandwidth procedure (variable
bandwidth noise)
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30 1 based on aerial CRs at 2.5, 4.0, and 8.0 kHz, respectively.
- 0= N. Elephant Seal (under water) The direct CBWs for this individual are 24.4%, 15.8%, and
«===N. Elephant Seal (acrial) 12.9% of these test frequencies. For the harbor seal, direct
= 0= Harbor Seal (under water) aerial CBWs are 9.9, 4.2, and 14.2 times wider than the
o _;_Ic{“ﬂ” Seal (aeria) indirect estimates and equal 43.6%, 16.0%, and 26.3% of the

- = Cal. sea lion (under water) . ) A R ) .
et Cal. sca lion (acrial) respective test frequencies. For the California sea lion, direct

aerial CBWs are 7.6, 3.2, and 4.9 times wider than the indi-
rect estimates and equal 22.4%, 26.3%, and 25.8% of the
respective test frequencies.

As in the CR measurements using OBN, pooled false-
alarm rates in the critical bandwidth study were generally
between 5%-20% across test frequencies. Interestingly
though, for each subject, false alarms occurred in some cases
during the first several catch trials using the two narrowest
\ . bandwidth maskers. This was generally not observed during

10 Lttt b the initial presentations of relatively wider masker bands.

100 1000 10000 False alarms on the first few catch trials with the narrow-
Frequency (Hz) band maskers probably occurred because narrow-band noise
FIG. 1. Critical ratios versus frequency for aeritilis study and underwa- 1S qualitatively more similar to test stimuli than wide bands
ter auditory maskingSouthallet al, 2000 for a northern elephant seal, a of noise. After a few trials this behavior generally ceased, as
harbor seal, and a California sea lion. subjects rapidly learned the distinctions between test signals
and narrow-band noise.
spective decreases or increases in the relative signal-to-catch

20 1

Critical Ratio (dB)

trial ratio. IV. DISCUSSION
Aerial CRs obtained in the present study are comparable
B. Direct aerial critical bandwidths to underwater values for the same individudBouthall

et al, 2000. This replication of Turnbull and Terhune’s

Critical ratios at relatively wide masking noise band- . . s .
widths are very similar to those obtained using OBN, While.(lggq findings provides additional evidence that the mask

. : . ing effects of noise are similar in air and water. Because
lower CRs occur for relatively narrow masking noise band-

widths. At each test frequency, directly measured aeria?er'al and underwater CRs are similar for these particular

CBWs are much wider than indirect estimates based on th%pemes, which have quite different amphibious hearing char-

aerial CRs obtained with OBNFig. 2). However, there are acteristics and life historiessee Kastak and Schusterman,

no consistent relationships across the three frequencielsgg& this trend likely applies for most, if not all, other

tested, between direct and indirect CBWSs for any of the tes't)!nmped species. Additionally, these resuilts suggest that pin-

subjects. For the northern elephant seal, direct aerial CB\/\InllonI cochlear mechanisms are similar in air and water. This

are 6.6, 3.9, and 4.6 times wider than the indirect estimatesIndlng suggests th".it direct comparisons of aenal_and und_er_-
water masked hearing capabilities between aquatic, amphibi-

ous, and terrestrial species may be approptaden Southall
10000 -

-0+ N. Elephant seal (indirect CBW) et al, 2000. However, comparative aerial and underwater
—&—N. Elephant seal (direct CBW) masking data for a greater number of species with variable
' -+ 0 - Harbor seal (indirect CBW) life history characteristics are needed to more fully address
_ . —@— Harbor seal (direct CBW) the validity of such comparisons.
g 1000 L + 5 - California sea lion (indirect CBW) While f[he glifferences are f_airly sma_ll, the a_erial CRs
£ —4— California sea lion (direet CBW) measured in this study are relatively low in magnltude_com-
L A pared to most terrestrial mammalsee Fay, 1988 This
£ A O trend is also observed in most other pinnip¢dscept the
; o.... ,’_2_5:::'.'.'.10 ringed seals tested thus fdrerhune and Ronald, 19¥5and
3;3_ 100 A A& the odontocete cetaceans tested thus(§@e Richardson
© R = A et al, 1995; Southalkt al, 2000. It is reasonable to specu-
"o’,x’ late that acoustic signal production and reception in typically
o .- o noisy marine environments has led to selection for enhanced
o ability to detect signals in noiseSchustermaret al., 2000.
10 T — However, additional data are needed, including further re-
100 1000 10000 . . .
Test Frequency (Hz) search on ringed seals, to comprehensively assess this hy-
pothesis.
FIG. 2. Critical bandwidth§CBW) vs test frequency obtained in githis Also evident in this study and consistent with previous

study and under watefSouthallet al, 2000 based on indirect estimates : - - -
(CR/EgP methopdand direct measurements obtained with a band-narrowin results is that CRs increase monOtomca”y with frequency‘

technique for a northern elephant seal, a harbor seal, and a California sgeTahUS_v . pinniped; do nqt appear to be SpeCial?ZEd tp detect
lion. specific tonal signals, including those predominant in most
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pinniped vocalizations. The aerial CRs increase at a similamany acoustic communicative signals. The masking data will
rate as in most other mammalsee Fay, 1983 supporting  be useful to researchers, regulatory or military agencies, and
the notion that pinnipeds are hearing generalists with respeenvironmental groups interested in generating quantitative
to frequency processin@outhallet al, 2000. estimates of communication ranges in natural or anthropo-
The presence of critical bands in the pinniped subjects ofienic noise conditions. Further, filter bandwidth measure-
this study provides further indication that pinniped cochleamments, as well as the comparative aerial and underwater CRs,
processes are similar to those occurring in other generalisfarify cochlear processes in these amphibious mammals. Fi-
mammals. Direct CBWs obtained in this study were muchnally, the estimated CBWs may be used to define biologi-
wider than indirect estimates. This finding is similar to datacally significant filter bandwidths for analyzing communica-
obtained using the band-narrowing technique in humangve signals as well as the effects of natural or anthropogenic
(e.g., Hamilton, 1957 and a bottlenose dolphitAu and  noise(Southallet al,, in press.
Moore, 1990, but opposite the relationships determined for
chinchillas using the band—na(rowing methdiliemiec ACKNOWLEDGMENTS
et al, 1992 and a harbor seal using tonal mask@rsrnbull
and Terhune, 1990As observed in other marine mammals This research was supported by Grant No.
for which direct CBWs have been determin¢du and  N000140210159 from the Office of Naval Research and an
Moore, 1990; Turnbull and Terhune, 199@here were not Augmentation Award for Science and Engineering Research
consistent quantitative relationships across test frequencidgaining grant from the Department of Defense to R.J.S., as
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